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ABSTRACT.—The installation of living shorelines is
one strategy used to ameliorate habitat degradation along
developed coastlines. In this process, existing hard structures,
such as sea walls and riprap revetments, are supplemented
with habitat forming species, e.g., oysters and mangrove
trees, to improve habitat quality and function. Shoreline
restorations in Biscayne Bay, Florida, USA, often utilize red
mangroves, Rhizophora mangle (Linneaus, 1753), in addition
to riprap revetments, to help stabilize the shoreline. This
riprap-mangrove habitat provides structure for marine
organisms to utilize and is believed to improve shoreline
habitats in areas previously cleared of mangroves. We
examined whether habitat provisioning was similar between
restored mangrove habitat with the inclusion of riprap
boulders and natural mangrove shorelines. We compared
fish assemblages between natural mangrove and riprapmangrove habitats within two areas of northern Biscayne Bay.
Fish community structure and certain benthic cover types
varied between mangroves and riprap-mangrove habitats.
Total fish abundance was greater in mangrove habitat, while
taxonomic richness was highest in riprap-mangrove sites in
the northern part of the bay. Our findings suggest that fish
assemblages and community structure are diﬀerent between
these habitat types, although the geographic context may
mediate the eﬀect of habitat type. Therefore, it is likely
that these restored mangroves provide diﬀerent ecological
services than unaltered mangrove shorelines.

Impacts from human development, storms, and sea level rise collectively threaten
shoreline habitats (Chambers 1991, Jackson et al. 2001, Alongi 2002, Granek and
Ruttenberg 2007). Many natural habitats protect shorelines from erosion due to wave
energy, and degradation of these habitats may result in a loss of this important ecosystem service. Previous eﬀorts to circumvent further erosion damage to degraded
shorelines resulted in the construction of bulkheads, sea walls, and boulders called
riprap in place of oyster reefs, mangroves, and other shoreline habitats (Pilkey and
Wright 1988, Douglas and Pickel 1999, Bulleri and Chapman 2010, Layman et al.
2014). While these structures may help prevent further erosion, they do not necessarily provide the other ecosystem services found in shoreline habitats, such as nutrient
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cycling, carbon sequestration, and improvement of water quality (Grabowski and
Peterson 2007, Scyphers et al. 2011). An emerging practice called “living shorelines” is used in restoration projects to improve the function and quality of altered
shoreline habitats by supplementing existing hard structure with native organisms
(Bacchiocchi and Airoldi 2003, Airoldi et al. 2005, Bulleri and Chapman 2010).
Ecologists and restoration practitioners are often interested in the comparison of
altered and restored habitats relative to natural habitats to determine the eﬃcacy of
restoration design (Field 1998, Kentula 2000, Peterson et al. 2000, Lewis 2005, Fodrie
et al. 2014). For example, oyster shells are frequently used to restore breakwater reefs
and have been shown to improve numerous habitat functions over traditional sea
walls (Peterson et al. 2003, Scyphers et al. 2011). When live oysters colonize these
reefs, they improve water quality by removing contaminants and phytoplankton that
have taken up excess nutrients (Grabowski and Peterson 2007, Kellogg et al. 2013).
Therefore, the process of adding habitat forming species, such as oysters, to artificial
shorelines may improve habitat quality and other ecosystem services.
In Biscayne Bay, a shallow subtropical lagoon on the southeastern coast of Florida,
USA, mangrove habitat has declined by as much as 80% (Harlem 1979, Milano 1999,
Serafy et al. 2003). Northern Biscayne Bay, surrounded by the highly urbanized metropolis of Miami, has lost an even greater percentage of its once mangrove-lined
shoreline (Milano 1999, Serafy et al. 2003). In place of mangroves, vertical concrete
sea walls and limestone boulders called riprap have been installed to reinforce shorelines. Restoration of mangroves is now a major component of shoreline protection
projects (Milano 1999). Recent restoration designs have incorporated living shoreline practices by planting young mangrove seedlings shoreward of riprap (Milano
et al. 2007). The existing riprap is used as a barrier to prevent shoreline erosion and
absorb wave energy, thereby creating a low wave energy zone for mangrove propagules to grow.
Mangroves provide a myriad of ecosystem services such as improving water quality,
trapping sediment and pollutants, and sequestering carbon (Moberg and Rönnbäck
2003). Mangrove prop roots are also critical habitat for fishes including juveniles of
many coral reef fish species (Mumby et al. 2004, Faunce and Serafy 2006, Thayer
et al. 2007, Nagelkerken et al. 2008). In light of the numerous services provided by
natural mangrove habitat, comparisons of restored riprap-mangrove areas to natural
mangrove shorelines would be useful in assessing the relative value of these living
shorelines and inform future restoration projects.
In the present study, we examined if natural mangrove and restored riprap-mangrove habitats support diﬀerent assemblages of fishes. Specifically, comparisons were
made between these two habitat types with respect to fish abundances, taxonomic richness, and community structure. Composition of benthic substrate also was
examined to provide additional information about diﬀerences in habitat structure
among these sites. Additionally, we examined whether fish assemblages and benthic
composition were aﬀected by spatial context by comparing sites within two areas of
the bay.
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Figure 1. Study sites in northern Biscayne Bay. Bay area: N = north sites, C = central sites. Habitat
type: M = mangrove, R = riprap-mangrove.

METHODS
STUDY AREA.—The present study was conducted in northern Biscayne Bay, which
occupies the area between Miami Beach and the Miami metropolitan area (Fig.
1). Two habitat types were surveyed: natural mangrove shorelines and mangroves
shoreward of riprap revetments (henceforth called mangrove and riprap-mangrove,
respectively; Fig. 2). Mangrove habitat was characterized primarily by the presence
of red mangroves, Rhizophora mangle (Linneaus, 1753), with submerged prop-root
structure. Riprap-mangrove habitat consisted of submerged boulders (approximately
0.30–1 m diameter) and some prop root structure with mangroves planted shoreward of the rock at the time of restoration. Sampling sites were selected based on
the following criteria: (1) mangrove presence, either intact stretches or trees planted
behind riprap; (2) water depth of 95–130 cm at low tide; and (3) at least 100 m separation between sites. Because mangrove habitat has been significantly reduced in
Biscayne Bay, only 12 sites met these criteria and the sites were divided into two
main areas of the bay, north and central (Online Appendix 1). All north sites were
within approximately 3 km of Baker’s Haulover Inlet, the northernmost pass of the
Biscayne Bay lagoon. Central sites were located approximately 8 km south of Bakers
Haulover Inlet and approximately 8 km north of Government Cut. Restoration sites
were 10–15 yrs old, where the mangrove canopy heights ranged from about 2 to 5 m.
Intact mangrove canopy heights ranged from about 5 to 10 m.
FISH ASSEMBLAGES.—Fish assemblages were surveyed using a modified belt transect survey method (Serafy et al. 2003). This involved snorkeling along a 30 × 2 m
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Figure 2. Examples of (A) natural mangrove and (B) riprap-mangrove shorelines.

transect running parallel to the shore and recording the identity and number of fishes. Abundances of individual species were estimated using numerical bins (e.g., 2–5
fish per transect, 6–10 fish per transect, etc.; see Online Appendix 2). We surveyed
each site five times between September and November 2012. All surveys were conducted within 2 hrs of peak high tide. One transect survey was performed at each site
on a sampling day. Fishes were identified according to Humann (1994). Individuals of
related species with similar morphology that were diﬃcult to identify were grouped
into a single taxon at either the genus or family level (e.g., Scaridae, Haemulidae,
and Clupeidae). Following Serafy et al. (2003), small, silvery, fork-tailed fishes
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commonly found inhabiting the water-column in large schools (i.e., Atherinopsidae
and Clupeidae) were placed into one single group (small, water-column fishes, or
SWC).
We used the midpoint of each fish abundance bin as our abundance estimate per
transect for statistical analyses. Fish abundance then was averaged across all surveys
to determine a mean abundance estimate for each species at each site. Total fish
abundance was the summation of the species-specific mean abundance estimates at
each site. We also compared the proportion of piscivores within the fish community
between site and bay area to reveal if diﬀerences could be attributed to habitat type.
We identified species as piscivorous based on diet information from Randall (1967)
and Fishbase (Froese and Pauly 2000). Taxonomic richness at each site was calculated as the count of all unique taxa observed at a site across all five transects. We
examined variation in total fish abundance (with and without SWC), the proportion
of the community comprised of piscivores, and taxonomic richness as a function of
habitat type or area of the bay with separate two-way analysis of variance (ANOVA)
models (SPSS version 11.0).
We examined variation in fish community structure across sites based on a BrayCurtis similarity matrix of fish abundance. Prior to community structure analyses,
the observed abundance of each species was summed across all five transects at each
site. Abundances were then square-root transformed to down-weight the influence
of most abundant taxa. We next employed a crossed, two-way analysis of similarity (ANOSIM) to determine if community structure diﬀered significantly between
habitat types and areas of the bay. Diﬀerences in community structure among sites
were displayed graphically with a non-metric multidimensional scaling plot (nMDS).
Upon finding diﬀerences in community structure between riprap-mangrove and
mangrove habitats and areas of the bay, we used a percentage of similarity analyses
(SIMPER) to determine which taxa contributed most to driving these diﬀerences.
Analyses were conducted using Primer-E v.6 software (Clarke 1993).
BENTHIC SUBSTRATE COMPOSITION.—At each site, the percent cover of each benthic substrate type was estimated within 1-m2 quadrats using the Braun-Blanquet
method (Braun-Blanquet 1932). In areas adjacent to the belt transect used in fish surveys (after the fish survey was complete), quadrats were thrown haphazardly with the
condition that water depth was 95–130 cm at low tide. A total of five quadrats were
surveyed at each site on a sampling day. Seagrass was identified to species, and macroalgae to genus following Littler et al. (1989) and Littler and Littler (2000). Sessile
invertebrates were also enumerated in the quadrat and identified to phylum using
Humann (1993). The areal coverage of each benthic type (e.g., sand or seagrass) was
visually estimated to the nearest 5%.
For statistical analyses, benthic cover types were classified into the following
groups: sand, seagrass, macroalgae, cyanobacteria, macroinvertebrates, detritus, bare
rock, and unconsolidated hard bottom. Percent covers of benthic types were averaged across all quadrats and survey dates at each site. A multivariate analysis of variance (MANOVA) was used to determine if there was an eﬀect of habitat type, area
of the bay, and their interaction on the mean coverage of all benthic types. Because
the multivariate analysis indicated a significant habitat type × area interaction on
benthic community composition (see Results), one-way ANOVAs were performed to
examine eﬀects on each individual cover category.
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RESULTS
FISH ASSEMBLAGES.—In total, 42 taxa of fishes were identified in surveys, representing 28 families (Online Appendix 3). The most common fish families in mangroves were SWC fishes [i.e., Atherinopsidae (silversides), Clupeidae (herrings)]
and Tetraodontidae (puﬀers), Lutjanidae (snappers), Sphyraenidae (barracudas),
and juveniles of Haemulidae (grunts). In riprap-mangrove, the most abundant taxa
were Tetraodontidae and juveniles of Gerridae (mojarra) and Sphyraenidae. Species
composition diﬀered between areas of the bay, with riprap-mangrove sites in north
Biscayne Bay generally supporting more diverse communities characterized by juveniles of Haemulidae, Lutjanidae, Pomacentridae (damselfishes), Acanthuridae (surgeonfishes), and Scaridae (parrotfishes).
Mean total fish abundance diﬀered between habitat types (ANOVA: F1,11 = 280.6,
P < 0.001), being higher in mangroves [mean = 47.0 (SE 2.4) fish m−2] than in riprapmangrove habitats [8.0 (SE 2.9) fish m−2; Table 1, Fig. 3A]. Mean total fish abundance
also diﬀered between areas of Biscayne Bay (F1,11 = 17.1, P = 0.003), being higher in
the north [32.0 (SE 8.2) fish m−2] than in the central bay [23.0 (SE 9.4) fish m−2]. This
pattern was driven primarily by the presence of SWC and when these fishes are excluded from analysis, fish abundance diﬀered only by area of the bay (F1,11 = 19.8, P =
0.002, Table 1), with mean abundance higher in the north [8.0 (SE 1.9) fish m−2] than
in the central bay sites [1.0 (SE 0.3) fish m−2, Fig. 3B]. There was an interaction between the eﬀects of habitat type and area of the bay on the proportion of piscivorous
fishes (F1,8 =18.5, P = 0.003, Table 1) with a higher proportion of piscivores in north
Table 1. Results from fish assemblage analyses of variance, including all factors and 2nd order
interactions. Habitat type refers to riprap-mangrove vs mangrove sites; area refers to north or
central Biscayne Bay. P-values <0.05 are shown in bold. SWC = small water-column fishes.
Dependent variables and factors
Mean total fish abundance
Habitat type
Area
Habitat type*area
Error
Mean fish abundance (without SWC)
Habitat type
Area
Habitat type*area
Error
Taxonomic richness
Habitat type
Area
Habitat type*area
Error
Proportion of piscivores
Habitat type
Area
Habitat type*area
Error

MS

df

F

P

5,739,217.5
981,251.7
101,784.3
57,501.3

1
1
1
8

280.6
17.1
1.8

<0.001
0.003
0.200

69,719.2
577,011.2
116,018.6
29,111.9

1
1
1
8

2.4
19.8
4.0

0.200
0.002
0.080

60.8
630.8
374.1
27.4

1
1
1
8

2.2
23.0
13.6

0.200
0.001
0.006

272.2
1,862.5
794.6
43.0

1
1
1
8

6.3
43.3
18.5

0.040
<0.001
0.003
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Figure 3. Effects of habitat type and area of Biscayne Bay on (A) total mean fish abundance per
m2, (B) mean fish abundance per m2 (without small water-column fishes, SWC), (C) taxonomic
richness and, (D) the percent of total fish abundance represented by piscivorous fishes. Error bars
reflect the standard error (SE) of the mean value. Bay area: N = north sites, C = central sites.

riprap-mangrove sites [mean proportion = 5.2% (SE 1.2%), Fig. 3D] relative to central
riprap-mangrove [1.7% (SE 1.0%)] and mangrove sites [north = 0.6% (SE 0.21%), central = 0.3% (SE 0.15%)].
Eﬀects of habitat type on taxonomic richness varied between areas of the bay
(habitat type × area interaction, ANOVA: F1,11 = 13.6, P = 0.006, Table 1, Fig. 3C).
Taxonomic richness was greater in northern riprap-mangrove sites [31.0 (SE 0.1) taxa
per site] compared to riprap-mangrove sites in the central bay [5.3 (SE 0.02) taxa
per site]. Mangroves had a similar number of taxa regardless of location within the
bay. One northern mangrove site (NM3) had high taxonomic richness (n = 24 taxa)
compared to all of the other mangrove sites [mean = 13.0 (SE 0.04) taxa per site]. This
site had fishes of families not observed at other mangrove sites (e.g., Acanthuridae,
Scaridae, see Online Appendix 3), although these were observed in the nearby riprap-mangrove site, NR1.
There were diﬀerences in fish community structure between riprap-mangrove and
mangrove habitats and between areas of the bay (ANOSIM: R = 0.981, P = 0.01; and R
= 0.667, P = 0.02, respectively; Fig. 4). Similar to the pattern observed for taxonomic
richness at mangrove sites, fish assemblages in mangroves were generally similar between north and central sites (mean similarity 79.17%), and were dominated by SWC.
In contrast, riprap-mangrove communities within diﬀerent areas of the bay were less
similar (mean similarity 59.39%). Eucinostomus melanopterus (Bleeker, 1863) (flagfin mojarra) and species of juvenile Haemulid were the dominant taxa driving diﬀerences between the two regions. Haemulids were absent from surveys in the central
riprap-mangrove sites, but were the most abundant fishes in north riprap-mangrove.
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Figure 4. Non-metric Multidimensional Scaling plot (nMDS) of community structure across habitat types and areas of Biscayne Bay. Bay Area: N = north sites, C = central sites. Habitat type:
Circles = mangrove, Triangles = riprap-mangrove. Each point represents the summed (across all
five transects) community for each site.

Eucinostomus melanopterus made up a large portion of the fish community in central riprap-mangrove sites.
BENTHIC SUBSTRATE COMPOSITION.—Overall, the percent cover of benthic types
varied between habitat types (MANOVA: F7,2 = 523.5, Wilks’ λ = 0.0005, P = 0.002)
and areas of the bay (F7,2 = 144.8, Wilks’ λ = 0.002, P = 0.007; Fig. 5). Sessile macroinvertebrate cover (e.g., tunicates, sponges, and coral) was greater in riprap-mangrove
than in mangroves (F1,11 = 13.5, P = 0.006, Table 2). There was a marginal diﬀerence in
detritus cover among habitat types (F1,11 = 5.1, P = 0.05, Table 2). Detritus cover was
higher in mangroves in the north; however, one riprap-mangrove site in the central
bay had high detritus cover. Cyanobacteria cover was higher in mangroves than in
riprap-mangrove sites (F1,11 = 11.34, P = 0.001, Table 2). Macroalgae (e.g., Laurencia
and Batophora spp.) cover was higher in riprap-mangrove than in mangroves (F1, 11 =
27.01, P = 0.0008, Table 2).
DISCUSSION
We found diﬀerences in fish communities associated with natural mangrove and
riprap-mangrove shorelines, likely attributable to diﬀerences in habitat structure.
While we hypothesized that fish assemblages would diﬀer between mangroves and
riprap-mangrove habitats, we did not expect that riprap-mangrove habitats would
contain the most species-rich fish communities. We found that northern riprapmangrove sites had the highest taxonomic richness and mean fish abundance (without SWC) relative to the locations in the central bay. We suspect that the reason for
this trend is due to two factors: (1) diﬀerences in preference of habitat by some species; and (2) the proximity of the north sites to the ocean inlet.
Restoration projects that add hard structure to restore sedimentary shorelines may
change fundamental properties of the habitat (Able et al. 1998, Bulleri and Chapman
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Table 2. Results from benthic substrata analyses of variance, including all factors and 2nd order
interactions. Habitat type refers to riprap-mangrove vs mangrove sites; area refers to north or
central Biscayne Bay. P-values <0.05 are shown in bold.
Dependent variable and factor
Macroalgae
Habitat type
Area
Habitat type*area
Error
Seagrass
Habitat type
Area
Habitat type*area
Error
Cyanobacteria
Habitat type
Area
Habitat type*area
Error
Macroinvertebrate
Habitat type
Area
Habitat type*area
Error
Detritus
Habitat type
Area
Habitat type*area
Error
Sand
Habitat type
Area
Habitat type*area
Error
Bare Rock
Habitat type
Area
Habitat type*area
Error
Unconsolidated hard-bottom
Habitat type
Area
Habitat type*area
Error

MS

df

F

P

5,501.9
25.4
0.5
1,629.8

1
1
1
8

27.0
0.1
0.0

0.001
0.700
1.000

23.9
9.8
3.6
3.4

1
1
1
8

7.0
2.9
1.1

0.030
0.100
0.300

43.5
6.8
12.7
3.8

1
1
1
8

27.0
1.8
3.3

0.010
0.200
0.100

129.7
46.2
6.7
9.6

1
1
1
8

13.5
4.8
0.7

0.006
0.060
0.400

1,851.3
539.4
2,311.6
363.3

1
1
1
8

5.1
1.5
6.4

0.001
0.700
1.000

4,792.0
3,383.5
3,340.0
55.0

1
1
1
8

87.1
61.5
60.7

<0.001
<0.001
<0.001

2,146.7
3.5
3.5
48.8

1
1
1
8

44.0
0.1
0.1

<0.001
0.800
0.800

66.5
650.5
64.2
236.2

1
1
1
8

0.3
2.8
0.3

0.600
0.100
0.600

2010). Mangrove habitats are usually found along gently sloped shorelines with submerged prop roots providing wide expanse of submerged physical structure, often
spanning tens of meters in breadth (Odum et al. 1982). Mangrove prop roots create
large cavities of open interstitial space, which could allow unrestricted movement
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Figure 5. Benthic percent cover by habitat type and area of Biscayne Bay. Site codes contain the
following information: Bay Area: N = north sites, C = central sites. Habitat type: M = mangrove,
R = riprap-mangrove. See Figure 1 for site locations.

of more mobile species and provide refuge for large fish schools. Additionally, many
of the mangrove sites were part of established mangrove forests with higher canopies and overhanging branches providing shade, which has been shown to be an important factor in attracting juvenile coral reef fish (Cocheret de la Morinière et al.
2004). Physical properties inherent to mangrove trees such as prop roots and overhanging branches are likely essential components of nursery habitat for juvenile fish
(Nagelkerken et al. 2000a, Faunce and Layman 2009).
Mangrove restorations with riprap are characterized by much steeper slopes and
the boulders are stacked in a way that creates crevices and small, but numerous, interstitial spaces (Markley et al. 1992). Species forming large schools (e.g., 1000+ individuals), like SWC fishes (i.e., Atherinopsidae and Clupeidae), may be precluded from
this habitat by the small size of the refuge space between rocks compared to large,
open spaces in between mangrove prop roots, making riprap an unsuitable habitat.
Indeed, other than one riprap-mangrove site, NR3, SWC fishes were not observed in
restored sites. Other reef-associated species may be attracted to the hard, more reeflike, structure provided by the riprap in these restored mangrove habitats. Shading
from trees behind riprap is either absent or severely reduced because canopy height
is shorter (approximately 2–5 m) and the potential for overhanging branches is lower
relative to more established intact mangroves, with some canopy heights exceeding 10 m (Fig. 2). Additionally, more reef-associated piscivores (e.g., snapper, jacks)
were observed at the riprap-mangrove sites in the northern bay. If the higher relative
abundance of piscivores at these sites results in an increased risk for juvenile fish, this
could alter the nursery value of the riprap-mangrove sites.
In addition to diﬀerences in physical structure, diﬀerences in benthic composition
among the two habitat types may drive diﬀerences in fish assemblages. Macroalgae
was common in riprap-mangrove sites, while either absent or in low abundance in
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mangroves, which may be due to reduction of light availability from mangrove shade
(Granek and Ruttenberg 2008). Macroalgae cover along riprap-mangrove shorelines
may be an important food source for herbivores and could explain the high abundance of herbivorous fishes relative to mangrove shorelines (see Online Appendix 3
for fish species at each site). Additionally, soft sediments in mangroves may harbor
diﬀerent prey communities than the unconsolidated hard bottom found among riprap-mangrove shorelines, which could drive further diﬀerences in community structure (Seitz et al. 2006). Our findings suggest that the diﬀerences in benthic cover
should be an additional factor to assess when comparing mangrove restorations.
We observed clear diﬀerences in fish assemblages among riprap-mangrove sites
between the two areas of the bay. A possible explanation for this is the close proximity of the north sites to Baker’s Haulover inlet (Fig. 1). These sites likely experience
more tidal exchange relative to central sites resulting in diﬀerences in physical and
biotic factors (such as salinity) and increased settlement rates of incoming larval
fishes, respectively (Miller et al. 1984). Sponaugle and Cowen (1996) found a similar
pattern of reduced reef fish larval recruitment to central areas of Barbados relative
to areas more exposed to open ocean. Salinity diﬀerences from freshwater input (i.e.,
canals) could be another important factor driving diﬀerences between riprap-mangrove shorelines between areas of the bay (Serafy et al. 2003). However, fish assemblages along mangrove shorelines appeared to have been unaﬀected by the location
of the bay and were similar in both areas. If salinity eﬀects were responsible for driving the diﬀerences in fish assemblages in riprap-mangrove habitats among areas of
the bay, we might expect to see a similar trend among fishes in mangroves. Similarly,
Serafy et al. (1997) suggested that even for mangrove fish species known to be tolerant of salinity stress, diﬀerences in habitat features, like bottom type, were likely
more important in driving diﬀerences in abundance among areas of the bay. It is
more likely that incoming larval fishes recruit to north riprap-mangrove shorelines
given their close proximity to the ocean and suitability of the habitat. Connectivity
between mangroves and oﬀshore coral reefs should be considered when prioritizing
sites for restoration.
The restored sites we surveyed were between 10–15 yrs old, and it is conceivable
that associated fish communities will converge as the mangroves at the riprap-mangrove sites mature. However, it is possible that the presence of riprap may actually
limit mangrove growth. Mangrove habitat naturally expands through a cycle of sediment retention by prop roots and the subsequent generation of shallow substrate for
settling propagules (Field 1998, Nagelkerken et al. 2000a). Among riprap-mangrove
restoration sites in Biscayne Bay, lateral prop root growth could be inhibited by the
lack of soft sediment and water depth beyond the riprap margin. Indeed, none of
the prop roots of mangroves at riprap sites were observed reaching the sediment
(JR Peters, pers obs; see e.g., Fig. 2B). Living shoreline projects involving the restoration of other sedimentary habitats (e.g., saltmarsh) are incorporating designs that
preserve the soft-sediment tidal boundaries and availability of vegetative structure
to aquatic organisms (Currin et al 2010). In living shoreline sills surveyed by Currin
et al. (2008), the low-profile breakwaters were installed several meters from shore
allowing for expansion of marsh. Perhaps similar designs could be implemented in
future mangrove restoration projects, where shoreline stabilization methods (e.g.,
addition of oyster shell, riprap, or reef balls) could create habitat-forming reefs seaward of mangrove plantings, while still allowing mangrove growth.
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Determining the function of installed living shorelines is essential to improve
restoration strategies (Chapman and Blockley 2009, Browne and Chapman 2011,
Scyphers et al. 2011, Fodrie et al. 2014, Layman et al. 2014). In the case of restored
mangroves, it is unlikely that the reduced mangrove structure at the riprap-mangrove
sites is able to support some services provided by intact, natural, mangrove forests
such as nutrient cycling and carbon sequestration. Nevertheless, riprap-mangrove
restoration projects do seem to provide some of the functions of natural mangrove
shorelines in terms of provisioning fish habitat, and have the potential to enhance
the value of degraded or developed shorelines.
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